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INTRODUCTION 

Several  successfu l  t e s t  f i r i n g s  have been performed with c o a l r a t e r  f u e l s  

However, even wi th  advances i n  a tomizat ion and (CWF's) in i n d u s t r i a l  bo i le rs .  

burner design,  t h e r e  a r e  s t i l l  inherent  l i m i t a t i o n s  assoc ia ted  with CWF's which 

cause decreased combustor performance. These include: 

1) Temperatures and heat  l i b e r a t i o n  from CWF flames are lower than those  of o i l  

flames. This  is due, mainly, t o  the  high water  concentrat ions,  which must 

be vaporized. 

2) Successful  i g n i t i o n  and flame s t a b i l i z a t i o n  of CWF'a usua l ly  requi re  high 

primary a i r  preheat temperatures and/or a p i l o t  flame. 

3) I g n i t i o n  delay and burnout times of CWF d r o p l e t s  a r e  longer than those of 

o i l  d rople t s .  The res idence  time of CWF d r o p l e t s  in o i l  f i r e d  b o i l e r s  is 

usual ly  not  s u f f i c i e n t  f o r  complete carbon burnout. Thus, the  CWF f i r i n g  

r a t e  must be reduced, r e s u l t i n g  i n  a d e r a t i n g  of the boi le r .  

One means of overcoming, o r  a t  least reducing, t h e  combustion problems 

associated with CWF's is oxygen enrichment of the  combustion air. Moderate amounts 

of oxygen enrichment. usua l ly  between 1-4 volume percent ,  have been used i n  indus t ry  
\ 

t t o  e i t h e r  boost production l e v e l s  o r  improve combustion e f f i c i e n c y  in pulver ized 

coa l  and o i l  f i r e d  b o i l e r s  (1). 

oxygen leading t o  acce lera t ion  of the combustion rate and, thus,  the  r a t e  of char  

burnout of the CWF drople ts .  Correspondingly, t h e r e  is a decrease in t h e  t o t a l  

Oxygen enrichment increases  the  p a r t i a l  pressure of 
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amount of n i t rogen  i n  t h e  combustion air ,  which reduces the volume of the  a i r  and 

f l u e  gases. This  i n  turn ,  causes  an increased residence time of the CWF d r o p l e t s  

because of lower g a s  v e l o c i t i e s .  

residence time w i l l  help o f f s e t  some of the  d e r a t i n g  assoc ia ted  with converting t o  

CWF's. 

oxygen content  of t h e  primary combustion a i r  w i l l  have on the combustion 

c h a r a c t e r i s t i c s  of a CWP. 

Both increased combustion r a t e  and longer 

This  s tudy i s  aimed a t  determining t h e  e f f e c t  t h a t  a 2% increase  i n  t h e  

EXPERIMENTAL 

A hor izonta l ly  f i r e d  labora tory  s c a l e  combustor. designed and b u i l t  st Penn 

S t a t e  t o  f i r e  f u e l  o i l ,  was modified t o  f i r e  CWF's ( 2 . 3 ) .  

e f f e c t  of enr iching the  oxygen content  of the  primary a i r  on the  hea t  d i s t r i b u t i o n  

in the  furnace,  t h e  q u a n t i t y  of unburned carbon i n  t h e  f lyash  and pol lu tan t  

formation (NO 

Using t h i s  combustor, the 

and SOz) were invest igated.  

The CWF used was suppl ied  by The A t l a n t i c  Research Corporation. Fredericksburg, 

Virginia. Analyses of the CWP and parent coa l  a r e  given i n  Table 1. The o r i g i n  of 

TABLE 1 
ANALYSES OF THE CWP 

AS RECEIVED ( w t % )  DRY BASIS (wt%) 
C 57.4 80.8 
H 3.4 4.8 
N 1.1 1.6 
S 0.5 0.7 
0 (by d i f f e r e n c e )  4.3 6.0 

ASH 4.3 6.1 
H20 28.9 - 

Higher Heating Value 2.44 x lo7 J/kg (10.500 BTU/lb) 

PROXIMATE ANALYSIS (DRY BASIS) 

VM ASH FIXED CARBON 

30.9% 6.1% 63.0% 
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the  parent coa l  is unknown but the  analyses  a r e  t y p i c a l  of a high v o l a t i l e  e a s t e r n  

bituminous coal. 

of 2-44 x lo7 J/kg (10,500 BTU/lb). 

a r e  cur ren t ly  under cons idera t ion  by industry.  

r a t e  of 48 kW (164,000 BTU/lb). 

stream of pure oxygen wi th  t h e  combustion a i r  in order  t o  increase the oxygen 

content t o  t h e  des i red  23% concentrat ion.  

t o  115% t h e o r e t i c a l  oxygen. Center l ine  furnace temperatures were measured a t  

vsr ious  a x i a l  d i s tances  a long  t h e  combustor using shielded thermocouples. 

gases  were cont inuously monitored f o r  0 2 ,  C02. CO, NOx, and SO2. 

were analyzed f o r  carbon content .  

The CWF has a s o l i d s  loading of 70 w t %  and a higher hea t ing  value 

Thus, t h e  CWF is t y p i c a l  of many of those t h a t  

The furnace was operated a t  a f i r i n g  

Oxygen enrichment was achieved by combining a 

The o x y g e d f u e l  r a t i o  was var ied  from 95% 

Stack 

Flyash samples 

Furnace preheat and CWF i g n i t i o n  were achieved by a methane p i l o t  flame. It 

should be noted that s t a b l e  CWF flames were not  able  t o  be maintained without  p i l o t  

flame support. Thus, t h e  methane p i l o t  flame was maintained during a l l  t r i a l s  and 

provided approximately 25% of the  t o t a l  heat  input  t o  the  combustor. 

RESULTS 

Combustion t r ia l s  were performed on the  CWF with normal a i r  and a i r  enriched 

t o  23% oxygen (2% oxygen enrichment). 

primary combustion a i r  provided an 8.7% decrease in the  volume of combustion a i r  

required and a 7.9% decrease i n  the  volume of f l u e  gases  produced. 

higher furnace temperatures f o r  the oxygen enriched case. 

60 K increase a t  5% excess  oxygen. 

constant  over the  length  of the  combustor. The amount of carbon in the  f l y a s h  was 

A 2% increase  in oxygen content  of t h e  

Figure 1 shows 

There was approximately a 

This  increase  in temperature appears t o  be q u i t e  

1 reduced by about 5% a t  t h i s  excess  oxygen leve l .  The oxygen enriched flames a l s o  

I appeared v i s u a l l y  b r i g h t e r  and c l o s e r  t o  the burner (i.e. a s h o r t e r  i g n i t i o n  delay). 

Sulfur  oxides  a r e  formed when s u l f u r  in t h e  f u e l  is oxidized dur ing  t h e  

combustion process. 

(normalized t o  a 0% excess  a i r  bas is  and tak ing  i n t o  account t h e  reduced volume of 

f l u e  gas in the  oxygen enriched cases). It was found that SO2 concentrat ions were 

Figure 2 shows SO2 emissions a s  a funct ion of exceas a i r  
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v i r t u a l l y  independent of amount of excesa a i r  or oxygen enrichment f o r  the  f u e l  l e a n  

flames. 

enriched f u e l  r i c h  flame. 

However, t h e  SO2 COnCentKatiOnS appear t o  be increased f o r  the  oxygen 

A s  is w e l l  known, NOx i s  formed i n  two ways during combustion; t h a t  is by 

oxidat ion of atmospheric n i t rogen  (thermal NOx) and oxidat ion of n i t rogen  i n  the  

f u e l  ( f u e l  NOx). 

nor: considered t o  be a si&n;i:fican: S W G K C ~  of NOx f o m a t i e a  a t  

about 1770 K ( 4 ) .  

about 1450 K therefore .  most of t h e  NO 

the  v a r i a t i o n  of NOx w i t h  percent  excesa a i r  f o r  both the  normal and oxygen enriched 

combustion. NO concent ra t ions  were approximately 70 PPM higher  i n  the f u e l  lean 

oxygen enriched flames. 

i n  the  oxygen enriched flames somewhat approach the  concentrat ions found i n  the  

embient a i r  flames. 

The formation of thermal NO is very temperature dependent and i s  

temperatures below 

The maximum temperature reached i n  the  experimental combustor was 

was assumed t o  be f u e l  NOx. Figure 3 shows 

A s  t h e  flames become more f u e l  r i c h  the  NO concentrat ions 

CONCLUSIONS 

Oxygen enriched combustion of a CWF was s tudied  i n  a small s c a l e  (48  kW) 

combustor. It was found t h a t  8 2% increase i n  oxygen content  of t h e  combustion a i r  

produced : 

1) Increase  of about  60 K i n  furnace temperature. 

2) More luminous flame wi th  Shorter  i g n i t i o n  delay. 

3) Approximately a 5% reduct ion of carbon i n  the  f l y a s h  

4 )  No e f f e c t  on  SO formation i n  f u e l  lean flames. 

5 )  Somewhat h igher  NO 

2 

emissions f o r  f u e l  l e a n  flames but only s l i g h t l y  higher  

NO concent ra t ions  f o r  f u e l  r i c h  flames. 
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~ i g u r e  2. Sulfur Dioxide Concentration Versus Percent meoretical 
~r on an Oxygen Ree Basis. + 217, Oxygen; 0232 Oxygen. 
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Figure 3. NO, Concentration Versu. Percent meoretical Nr on an 
Oxygen Free Basis,. + 21% Drysen; 0237, Oxygen. 
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